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The Hawaiian silversword alliance is a premier example of adaptive radiation in plants (Carlquist, 1980; Carr et al., 1989) . The alliance includes 28 species in three endemic genera: Argyroxiphium, Dubautia, and Wlilkesia (Carr, 1985) . The species grow in a wide range of habitats and have a wide variety of growth forms. They are also closely related, as evidenced by the high frequency of spontaneous interspecific and intergeneric hybrids in nature, coupled with the ease of production of artificial hybrids in the laboratory (Carr & Kyhos, 1981 Kyhos, , 1986 ). The detailed analysis of the hybrids and parental taxa using cytogenetic, electrophoretic, and molecular approaches has provided compelling evidence that the silversword alliance is a genetically cohesive group whose origin and diversification probably trace to a single colonizing ancestor (Baldwin et al., 1988; Carr et al., 1989).
Our objective in this review is to provide insight into the ecological, morphological, and physiological diversity of species in the silversword alliance. With respect to ecological diversity, we compare the geographical distributions, habitats, and elevational ranges of the 28 species, then analyze the local distributions of several sympatric Dubautia species. With respect to morphological and physiological diversity, we compare the growth forms, leaf sizes, and leaf shapes of the 28 species, then examine the turgor maintenance capacities of the Dubautia species and the water and temperature balances of two sympatric Argyroxiphium and Dubautia species. Our primary theme is that the ecological, morphological, and physiological diversity of the species is exceptional. Understanding the pattern and significance of this diversity, together with the factors giving rise to it, provides a key to understanding adaptive radiation in plants. ECOLOGICAL 
DIVERSITY
The Hawaiian archipelago includes six major islands (Fig. 1) . Maui, Lanai, and Molokai, which are currently separated by shallow channels, were united into one large island during periods of lower sea level in the Pleistocene (Macdonald & Abbott, 1970) . Thus, they function as a single biogeographic unit known as the Maui complex (Carson & Kaneshiro, 1976; Simon, 1987 of pahoehoe and aa lava. At points of contact between the two flows, the transition is very abrupt, occurring over a distance of 1-2 mm. The pockets,) or kipukas, of the older flow vary in size from less than 1 m2 to more than 10,000 m2m. Thus, the landscape at the site is a mosaic of the two flows.
Chromo
Though both Dubautia species are common at the site, their local distributions differ significantly (Fig. 2, Table 2 ). Dubautia ciliolata is almost completely restricted to the older flow, whereas D. scabra is completely restricted to the younger flow. Other sympatric species in the silversword alliance also exhibit different local distributions. Dubautia paleata and D. raillardioides, for example, grow in the Alakai Swamp region of Kauai. This large, dissected, upland plateau receives 6,000-10,000 mm of rainfall per year. The vegetation is composed primarily of wet forest, with a mosaic of bogs scattered over the more level areas. Though both species are common at sites of sympatry, D. paleata is largely confined to the bogs, whereas D. raillardioides is always restricted to the wet forest (Canfield, 1986 , 1985) .
In addition to morphological diversity, species in the silversword alliance exhibit significant physiological diversity. Among the Dubautia species, for example, differences in chromosome number and habitat water availability are strongly correlated with differences in leaf turgor maintenance capacity (Robichaux, 1984 (Robichaux, , 1985 The leaf water balances of A. sandwicense and D. menziesii during the middle of the summer growing season also differ significantly and are markedly influenced by the prevailing atmospheric conditions at Haleakala. On most July days, when the moisture-laden tradewinds blow from the northeast, a massive cloud bank forms around the mountain. The altitude of the cloud bank varies considerably from day to day, however, such that the atmospheric humidities to which A. sandwicense and D. menziesii are exposed also vary considerably. On 1 July 1985, for example, the upper ceiling of the cloud bank was 1,750-1,850 m throughout the day. As a result, atmospheric humidities at the study site (2,820 m) were very low, with the leaf-to-air vapor pressure gradient reaching 29 mPa Pa-' in both species at midday (Table  3) . On 5 July 1985, in contrast, the upper ceiling of the cloud bank was 2,650-2,750 m during much of the day. As a result, atmospheric humidities at the study site were significantly higher, with the vapor pressure gradient reaching only 15 mPa Pa-' in both species at midday (Table 3; P < 0.001 for the difference between days in each species).
The large differences in vapor pressure gradients are paralleled by significant differences in leaf conductances to water vapor in both species (Table 3; 67.5% and 68.7%, respectively, of those on 5 July 1985. Thus in both species, a higher midday leaf conductance is correlated with a lower midday vapor pressure gradient. The correlations suggest a direct stomatal response to changes in the vapor pressure gradient, as has been reported in a large number of species from a wide variety of habitats (Schulze, 1986 With its higher leaf conductances, A. sand wicense also exhibits significantly higher midday and daily leaf transpiration rates than D. menziesii (Table 3 ; P < 0.001 for the difference between species on each day). Thus, the total daily water use per unit leaf area of A. sandwicense appears to be much greater than that of D. menzesi in July.
Despite its higher transpiration rates, A. sandwicense does not exhibit markedly lower midday water potentials than D. menziesii (Table 3 ). This suggests that the two species may differ in rooting depths, and thus in access to available soil water supplies. Alternatively, they may differ in hydraulic resistances or capacitances. In contrast to D. menziesii, A. sandwicense accumulates very large amounts of extraceliular polysaccharide in its mature leaves (Carlquist, 1957; Carr, 1985) . In the related species, A. grayanum, the presence of this polysaccharide is correlated with a large increase (Table 3) . Both species exhibit leaf temperatures of 1 7-20'C, which is quite moderate given that midday solar irradiances at the study site in July typically exceed 1,020 W m-2, while midday substrate temperatures exceed 550C. Thus, recently mature leaves of A. sandwicense and D. menziesii appear to be equally effective at decreasing heat energy inputs and increasing heat energy outputs. In A. sandwicense, steep leaf angles and low leaf absorptances (Figs.  3, 5 ) may aid in decreasing inputs, while high leaf transpiration rates (Table 3 ) may aid in increasing outputs. In D. menziesii, steep leaf angles (Fig. 4) may aid in decreasing inputs, while small leaf sizes (Fig. 5 ) may aid in increasing outputs.
In marked contrast to recently mature leaves, young leaves of A. sandwicense experience very high temperatures for a significant portion of the day (Fig. 7) . The young leaves are located at the bottom of the cone-shaped depression in the center of the rosette. During the early morning, when the young leaves are shaded from direct solar irradiance, their temperatures are lower than those of the exposed, recently mature leaves. Once direct solar irradiance penetrates the cone-shaped depression, however, the young leaves experience a rapid increase in temperature and reach maximal temperatures in excess of 370C by early afternoon. In D. menziesii, which lacks the rosette growth form, midday temperatures of young and recently mature leaves are not significantly different. Argyroxiphium sandwicense and D. menziesii thus illustrate the contrasting modes of morphological and physiological adaptation that have evolved within the silversword alliance. Though the
